Object:
The screw insertion time, torque and pull-out strength of single pedicle screw and triangulated pedicle screw constructs of conical and cylindrical screws were compared in human cadaveric vertebral pedicles to evaluate the usefulness of conical pedicle screws and the triangulated pedicle screw constructs technique.
Material & Methods : Nineteen fresh-frozen human cadaver spines from L1 through L5 were harvested intact. The average age at death was 46.1 years (16-67 years). Roentgenograms were taken of each specimen to exclude those specimens with osteoporosis, vertebral fractures, metastasis and spondylolisthesis. A surgeon made a random, blind selection of a screw in an unmarked envelope of either conical or cylindrical design and inserted it into a pedicle at levels L1 to L5 on both sides of eleven lumbar spines under image intensifier control. The designes of two pedicle screws are shown in Table 1 . The cylindrical screws were inserted using a tap. The conical screws were inserted without using a tap. The screw insertion time and peak torque were measured. Each lumbar spine was disarticulated into separate vertebrae. For all vertebral bodies which had two different screw designs, the pull-out test of a single pedicle screw was performed. Three stainless steel pins were passed through the spinal canal and each vertebra was mounted in a custom jig. The pedicle screw was gripped by a self-centering tensile grip attached to the MTS Model 810 (Material Testing System) servohydraulic testing system. Each screw was extracted from the pedicle at a constant rate of 5.0 mm/min until screw purchase failure. The vertebral bodies with two of the same style screw had the screws joined by a cross connecting plate. A machine screw was connected to the cross connecting plate center and was gripped by the selfcentering grip attached to the MTS servohydraulic testing system. For the above-mentioned condition, the pull-out tests of triangulated two pedicle screw constructs were performed with purely posterior directed load. Conical screws were inserted into the pedicles at levels L1 to L5 of four lumbar spines under image intensifier control and cylindrical screws were inserted into an additional four spines. One of the screws at each level of two lumbar spines was randomly selected for each screw type and turned back 180°. One of the screws of another two spines was randomly selected and turned back 360°. The pull-out strength tests of single screws after turning back were performed, as previously described. A statistical study was performed using the Student t test. A result was regarded as being significant if P<0.05.
Results :.The screw insertion time of conical screws was 60.6 ± 39.5 sec and that of cylindrical screws was 80.5 ± 34.9 sec (P<0.001). The screw insertion torque of conical screws was 3.7 ± 1.3 N·m and that of cylindrical screws was 1.3 ± 0.5 N·m (P<0.005). The pull-out strength of single conical screws was 797.7 ± 379.1 N and that of cylindrical screws was 647.3 ± 308.3 N (P<0.01). The pull-out strength of the triangulated conical screw constructs was 1769.6 ± 731.9 N and that of cylindrical screw constructs was 1072.2 ± 456.3 N (P<0.005). The pull-out strength of triangulated conical screw constructs was 121.8 % greater than that of the single conical screws and the pull-out strength of triangulated cylindrical screw constructs was 65.6 % greater than that of the single cylindrical screws. Regression analysis revealed a positive correlation between insertion torque and pull-out strength of single and triangulated constructs for each type screws. In the pull-out strength tests of single pedicle screw after turning back, the pull-out strength of conical screws after 180° turning back was 94.4 ± 26.5 % and that after 360° was 77.3 ± 17.5 % of fully inserted conical screws The pull-out strength of cylindrical screws after 180° turning back was 84.0 ± 21.6 % and that after 360° was 82.4 ± 21.9 % of fully inserted cylindrical screws. The pull-out strength of the single conical screws was greater than that of the cylindrical screws after 180° turning back (P<0.05).
Conclusions : The time required to insert conical screws is less than that required for cylindrical screws. The conical screw has a greater pull-out strength of than the cylindrical screw in the triangulated pedicle screw constructs. The pullout strength of the conical screw is greater than that of the cylindrical screw in the initial stage of the loosening (after turning back 180°). Conical pedicle screws and the triangulated screw constructs have greater pull-out strength compared to cylindrical screws. The combination of conical screws and the technique of the triangulated connection between pedicle screws should prevent pedicle screw pull-out. One or more of the authors have received something of value from a commercial or other party related directly or indirectly to the subject of my presentation.
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